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a b s t r a c t
Introduction: Hydrocephalus represents impairment in cerebrospinal ﬂuid (CSF) dynamics. If
the treatment of hydrocephalus is considered difﬁcult, the repeated revisions of ventriculo-
peritoneal (VP) shunts are even more challenging.
Objective: The aim of this article is to evaluate the efﬁciency of ventriculo-epiplooic (VEp)
shunt as a feasible alternative in hydrocephalic patients.
Material and methods: A technical modiﬁcation regarding the insertion of peritoneal catheter
was imagined: midline laparotomy 8–10 cm long was performed in order to open the
peritoneal cavity; the great omentum was dissected between its two layers; we placed
the distal end of the catheter between the two epiplooic layers; a fenestration of 4 cm in
diameter into the visceral layer was also performed.
A retrospective study of medical records of 15 consecutive patients with hydrocephalus
treated with VEp shunt is also presented.
Results: Between 2008 and 2014 we performed VEp shunt in 15 patients: 5 with congenital
hydrocephalus, 8 with secondary hydrocephalus and 2 with normal pressure hydrocepha-
lus. There were 7 men and 8 women. VEp shunt was performed in 13 patients with multiple
distal shunt failures and in 2 patients, with history of abdominal surgery, as de novo
extracranial drainage procedure. The outcome was favorable in all cases, with no signiﬁcant
postoperative complications.
Available online at www.sciencedirect.com
ScienceDirect
journal homepage: http://www.elsevier.com/locate/pjnnshttp://dx.doi.org/10.1016/j.pjnns.2017.04.007
0028-3843/© 2017 Polish Neurological Society. Published by Elsevier Sp. z o.o. All rights reserved.
Conclusions: VEp shunt is a new, safe and efﬁcient surgical technique for the treatment of
hydrocephalus. VEp shunt is indicated in patients with history of recurrent distal shunt
failures, and in patients with history of open abdominal surgery and high risk for developing
abdominal complications.
© 2017 Polish Neurological Society. Published by Elsevier Sp. z o.o. All rights reserved.
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The real incidence of hydrocephalus in the general population
is as of yet uncertain, the prevalence being estimated at 1–1.5%
[1–3], while gender distribution is considered equal. Age
distribution has two peaks: the ﬁrst during infancy, predomi-
nantly congenital hydrocephalus, whereas the second peak is
found in adults, where normal pressure hydrocephalus is
encountered [2].
If not properly treated, hydrocephalus signiﬁes high
morbidity and mortality, causing severe and permanent
neurological consequences. The cumulative costs implied
for the diagnosis and treatment of these patients are often
insurmountable [4].
Management of hydrocephalus is a challenging endeavor,
numerous therapies having been devised across history. To
this day, surgery remains the treatment of choice for
hydrocephalus, no medical remedy being effective. Several
surgical techniques have been described, grouped as internal,
external or extracranial drainages. Third ventriculostomy, ﬁrst
reported by Dandy and later improved by Stookey and Scarff
[5], belongs to the internal drainage techniques. External
ventricular drainage (EVD) can only be utilized for a limited
amount of time. Extracranial ventricular drainages are among
the most frequently used in the treatment of hydrocephalus.
They are represented by VP shunt, ventriculoatrial shunt,
lumboperitoneal shunt and ventriculopleural shunt. From a
historical perspective, other drainages have been reported that
are currently abandoned or rarely used, such as the ventri-
culosubgaleal shunt, ventriculocholecystic shunt, ventricu-
loureteral shunt, lumboureteral shunt, ventriculomastoid
drainage, ventriculosternal shunt, drainage into the thoracic
duct, salivary gland, spinal epidural space, bone stomach,
ileum and fallopian tube [2,6–12]. Ventriculosinusal shunts,
such as ventriculosagittal [13] or ventriculotransverse shunts
[14], being considered anatomically and physiologically the
most appropriate treatment of this disease, have also been
attempted. We previously reported the ventriculo-epiplooic
(VEp) shunting in animal models [15].
The objective of this study is to report our initial experience
with the VEp shunt in human patients, and review the surgical
technique. We also aim to establish the indications, empha-
size the advantages compared with the standard VP shunt,
and evaluate its efﬁciency and safety by analyzing immediate
and long-term results.
2. Material and methods
We retrospectively reviewed medical records of consecutive
patients with positive diagnosis of hydrocephalus, in whichwe had performed VEp shunts between February 2008 and July
2014, in two centers. In order to perform VEp shunt, we used a
basic shunt tray and a cerebrospinal ﬂuid (CSF) drainage
system: ventricular catheter, peritoneal catheter, and valve
(high, medium, low or programmable) or connector.
The surgical technique is standard for the cranial step
(lateral ventricle catheterization) and subcutaneous tunneling
carried from the right retromastoidian region, right ante-
rolateral side of the neck, anterior thorax on the midclavicular
line to the mid-anterior abdomen, and distal tube insertion
into this subcutaneous tunnel. The abdominal step had a few
differences from the classical VP shunt procedure. First, a
midline laparotomy of 8–10 cm in length was performed, and
then the peritoneal cavity was opened, revealing the greater
omentum. Next, a dissection between the two layers of the
great omentum was performed and the distal end of the
catheter was placed between these two layers, in a
declivitous position. The catheter was ﬁxed in place with a
simple suture. An epiplooic fenestration in the visceral layer,
4 cm in diameter, was also produced. Surgery was concluded
with careful hemostasis and parietoraphy in anatomical
layers.
3. Results
Between February 2008 and July 2014 we performed VEp
shunts in 15 patients with hydrocephalus. We performed VEp
shunt 13 patients with prior VP shunt and multiple distal
shunt failures with shunt revisions, varying in number from 1
to 38. In two cases with nonfunctional third ventriculostomy,
we practiced VEp shunt as a ﬁrst extracranial drainage
procedure, without attempting a VP shunt beforehand
(Table 1).
We performed it in all types of hydrocephalus, thus 5
patients had congenital hydrocephalus, 8 patients had
secondary hydrocephalus and 2 patients had normal pressure
hydrocephalus. There were 7 men and 8 women.
All patients with congenital hydrocephalus were diagnosed
during the ﬁrst year of life. Patients with congenital hydro-
cephalus also presented additional developmental anomalies,
such as porencephalic cyst in two cases, agenesis of the corpus
callosum and pineal region cyst in two cases, posterior fossa
arachnoid cyst, Dandy–Walker malformation in one case, and
a Chiari II malformation with associated lumbar meningo-
myelocele. This stands as evidence that congenital hydro-
cephalus occurs in the complex context of developmental
anomalies. In all ﬁve patients, VP shunt was performed as ﬁrst
choice therapy in the ﬁrst year of life. These ﬁve patients
belong to a special group of patients with repetitive VP shunt
failures and multiple shunt revisions. Before the VEp shunt
attempt, the number of shunt revisions was impressive
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1 – 1 Distal shunt
occlusion with
debrides
46 y 0 – Good 5 y 9 mo








resection of the left
ventibular
schwannoma
2 0 2 Extensive peritoneal
adherence syndrome
58 y 0 – Good 4 y 8 mo






VP shunt 4 2 2 CSF pseudocysts 34 y 0 – Good 4 y 5 mo









17 11 6 Extensive peritoneal
adherences
syndrome
7 y 0 – Stationary 2 y






VP shunt 2 0 2 Repeated abdominal
surgeries
CSF pseudocysts
66 y 0 – Good 2 y




VP shunt 2 1 1 Distal shunt
occlusion with
debrides
68 y 0 – Good 4 y 4 mo




VP shunt 1 – 1 Distal shunt
occlusion with
debrides
70 y 0 – Good 4 y 10 mo
* Age at diagnosis of hydrocephalus.
y Age at VEp shunt.
z No of revisions: numbers of shunt revision before VEp shunt.

















































Fig. 2 – Intraoperative aspect. Introducing the distal tip of
the catheter between the two epiplooic layers.
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20 years. The causes of distal shunt failure were CSF
pseudocysts or extensive peritoneal adherence syndrome.
After repeated distal shunt failure, we performed the VEp
shunt. Age at VEp shunt varied from 6 to 21 years.
Eight patients had a positive diagnosis for secondary
hydrocephalus. The cause of hydrocephalus was operated
brain tumors in three cases, such as: cerebellar pilocytic
astrocytoma, vestibular schwannoma and colloid cyst. In four
instances, hydrocephalus was the consequence of intracranial
hemorrhage, in three of them subarachnoid hemorrhage (SAH)
was noted (in two cases as a consequence of aneurysmal
rupture) and in one patient, a thalamic hematoma with
consecutive intraventricular hemorrhage was recorded. The
remaining case had hydrocephalus secondary to meningitis.
In ﬁve cases hydrocephalus was ﬁrst treated with VP shunt. In
the case with intraventricular hemorrhage, the VP shunt was
performed after a period of EVD. After repeated distal shunt
failures, varying from 1 to 17, over a period of time of 1 to 7
years VEp shunt was performed. Distal VP shunt complica-
tions were represented by CSF pseudocysts, extensive perito-
neal adherence syndrome or distal shunt occlusion with
debrides. In two patients third ventriculostomy was performed
as a ﬁrst choice treatment. After 1 and 3 years, respectively,
they presented recurrence of symptoms, while cerebral MRI
showed no ﬂow-related signal void in the ﬂoor of the third
ventricle. Age in this group of patients varied signiﬁcantly
(Figs. 1–6).
Normal pressure hydrocephalus was present in two cases.
In both of them, the ﬁrst treatment was represented by VP
shunt. After several shunt failures, we chose to perform VEp
shunt. Age was higher than in previous types of hydro-
cephalus.
The follow-up period varied from 24 to 87 months. VEp
shunt surgery had no mortality. No distal shunt failure was
encountered in this series after VEp shunt. Only two patients
presented proximal shunt failure. The outcome was favorableFig. 1 – Intraoperative aspect showing greater omentum.
Fig. 3 – Intraoperative aspect. Final aspect, with distal shunt
introduced between epiplooic layers.in 14 cases, with no signiﬁcant postoperative complications.
No additional neurological deﬁcits were manifest. One patient,
with intraventricular and thalamic hemorrhage at birth and
secondary hydrocephalus developed vegetative state, but even
he did not have distal shunt malfunction.
The limit of this study is represented by a relatively small
number of patients.
4. Discussions
Nowadays, VP shunt is the most common surgical procedure
for the treatment of hydrocephalus. The abdominal step of VP
shunt is represented by the placement of the distal end of the
peritoneal catheter into the peritoneal cavity, either by open
surgery, or by using the trocar. In both techniques, the distal
end of the catheter is introduced through a small peritoneal
breach, located lateral and superior to the umbilicus on the
right midclaviculary line, and then a sufﬁciently long portion
Fig. 4 – Intraoperative aspect. Introducing the distal tip of
the catheter between the two epiplooic layers.
Fig. 5 – Intraoperative aspect. Placement of the distal
catheter between the layers of the greater omentum.
Fig. 6 – Intraoperative aspect. Anchoring the distal catheter
to the greater omentum.
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intestinal loops, this currently being its most regular place-
ment site. However, over the years, other intraperitoneal siteshave also been used. In 1956, Picaza reported a surgical
technique of lumboperitoneal shunt, with distal end of the
catheter placed into the posterior peritoneal retro-omental
space [16]. Some time later, endoscopically assisted techni-
ques for the retroperitoneal placement of the lumboperitoneal
shunt were introduced [17]. Matushita et al. placed the distal
end of the catheter into the omental bursa [18]. Rengachary
performed a transthoracic transdiaphragmatic ventriculoper-
itoneal shunt, inserting the distal tube into the infradiaphrag-
matic suprahepatic space [19]. Svoboda used the falciform
ligament to ﬁx the distal catheter above the liver and thus
avoid the free movement of the tube within the peritoneal
cavity [20].
On our series of 15 cases, we report a new surgical
technique, the VEp shunt, in which the distal tip of the
catheter is introduced and ﬁxed in place between the two
omental layers, isolated from the abdominal viscera. We
previously reported the same surgical technique in an animal
model [15].
In normal conditions, the daily production of CSF varies
with age, being heavily inﬂuenced by underlying pathology.
The average rate of production in an adult is around 0.3 ml/
min, leading to a total amount of 450 ml/day, with a turnover
of 3 times per day [21]. The peritoneum and greater omentum
are capable of absorbing ﬂuids through lymphatic vessels and
blood capillaries [22]. This capacity of the peritoneum to
absorb large amounts of ﬂuids is already employed in the
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 1 ( 2 0 1 7 ) 2 9 0 – 2 9 8296peritoneal dialysis in some of the patients with chronic renal
failure. The epiploon (or greater omentum) could therefore be
capable of absorbing the CSF quantities drained within it in
their entirety, or at least in their majority. Considering the
safety of epiplooic fenestration, this would allow for an
efﬁcient method of CSF inﬂow and absorption.
The surgical technique required for the VEp shunt is
slightly more challenging than the classic VP shunt, since it
implies the exploration of the peritoneal cavity and the greater
omentum, a more extensive dissection of the latter, and the
insertion of the catheter between the two epiplooic layers.
Additionally, the condition of previous several shunt revisions
may in itself pose a more difﬁcult access of the peritoneal
cavity, in terms of approach. Notwithstanding these hin-
drances, a neurosurgeon must be familiar with the abdominal
cavity in order to attempt such a delicate procedure. For these
reasons, we chose to manage these patients within a
multidisciplinary team. The ﬁrst half of the team, comprised
of neurosurgeons, performed the cranial step, whereas the
second half, represented by general surgeons, continued with
the abdominal step. Having the second step made by an
accomplished general surgeon, as complicated as it may seem,
carries minimal surgical risks and postoperative complications.
We performed the VEp shunt regardless of gender, and
within a wide range of age groups, varying from 6 to 70 years.
All types of hydrocephalus can be observed in our series of
cases, whether congenital, secondary, or of normal pressure.
This surgical technique is very useful in patients with
repetitive distal shunt failures and multiple distal shunt
revisions. This category of patients develops extensive
viscero-peritoneal adherences, and they are prone to frequent
recurrent distal shunt malfunctions. Patients with extensive
peritoneal adherence syndrome, recurrent CSF pseudocysts or
distal shunt occlusion with debrides are the main candidates
who can beneﬁt following VEp shunt. For them, it could
represent a lifesaving procedure, especially after repetitive
abdominal complications, since the distal catheter is placed in
an adherence-free environment.
The VEp shunt can also be performed as the ﬁrst line
treatment of hydrocephalus, in patients with high risks for
developing distal shunt malfunctions. As human CSF is
irritating, it can cause local inﬂammation, peritoneal conges-
tion and ultimately inﬂammatory adherences between cathe-
ter and abdominal viscera, in some cases leading to an
extensive peritoneal adherence syndrome [2]. This mecha-
nism explains the incidence of shunt-related morbidity. We
decided to choose this type of shunt because the two patients
had a high risk of developing distal shunt complications, due
to their history of open abdominal surgery (previous hyster-
ectomy, and cholecystectomy plus appendectomy, respective-
ly). Patients with a history of extensive abdominal surgery and
VPS are generally prone to distal shunt failure, and in our two
cases the exploration of the abdominal cavity revealed vast
peritoneal adherences. So in patients with history of open
abdominal surgery, considered to have high risk of developing
distal shunt malfunction, the VEp shunt is indicated as the ﬁrst
CSF drainage procedure, in order to prevent abdominal
complications occurrence.
Young patients with plurimalformative syndromes harbor
an elevated risk for developing recurrent abdominal complica-tions after VP shunts, owing to their inherent high friability of
visceral walls and diminished visceral mobility [2]. In our
series of cases, aside from congenital hydrocephalus, all ﬁve
pediatric patients presented additional developmental anom-
alies, such as porencephalic cysts, agenesis of the corpus
callosum, pineal region cysts, posterior fossa arachnoid cyst,
Dandy–Walker malformation or Chiari II malformation and
lumbar myelomeningocele. This particular subgroup of
patients had a long and impressive history of repeated shunt
revisions. All of them had more than 20 shunt revisions, with a
high rate of distal shunt failures. Repetitive abdominal shunt-
related complications led to extensive peritoneal adherence
syndrome, even in patients lacking preceding abdominal
viscera surgical management. Surgery for distal shunt
complications becomes more invasive with the passage of
time, since while the ﬁrst attempt is as simple as utilizing the
trocar technique to insert the distal end of the catheter into the
peritoneal cavity, once complications have manifested (CSF
pseudocyst or adherence syndrome, for example), the same
technique would be hazardous and an open approach is
needed.
The VEp shunt has a series of advantages compared to the
classic VP shunts. The ﬁrst protects the patient against any
distal shunt complications of standard VP drainage. By
performing the VEp shunt, the distal tip of peritoneal catheter
is placed between the layers of the greater omentum and
secured with a simple suture, thus the direct contact between
it and the abdominal viscera is averted. The distal end of the
catheter is no longer mobile within the peritoneal cavity, and it
cannot be displaced by bowel movements. Therefore, adhe-
sions between the end of the catheter and the abdominal
viscera can no longer develop, thereby diminishing the
incidence of shunt-related morbidity, as well as the rate of
migration, exteriorization or torsion of the catheter, and
secondary mechanical ileus caused by intestinal volvulation
around the end of the catheter.
Visceral perforations rarely occur after VP shunt surgery,
however this scenario is deemed extremely severe [23,24].
While early visceral perforations are caused by intraoperative
errors, late perforations develop further in time, as a result of
the irritant effect of the CSF [2], which allows catheter
adherence to the surrounding viscera. Progressively, the
visceral wall becomes thinned and, ultimately, perforated
[25]. On the one hand, visceral perforations lead to peritonitis,
while on the other hand, they can eventually produce severe
cerebral septic complications with high mortality and
morbidity, such as ventriculitis, meningoencephalitis, men-
ingitis, abscesses, or empyema [25,26]. Again, by isolating
the distal tip of the peritoneal catheter between the two
layers of greater omentum, the risk of forming adherences is
lessened, concurrently diminishing the risk for visceral
perforations.
Shunt infections are the most frequent cause of shunt
dysfunction, occurring in 10.5% of cases [27]. Early shunt
infections are the result of intraoperative contamination and
can be actively prevented before the surgical act [28]. The
pathogenesis of late shunt infections is represented by catheter
colonization from an abdominal site. Because of the adherence,
the thinned visceral walls are gradually eroded, allowing for
bacterial colonization [29,30]. Shunt infections then cause
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peritoneal viscera. Patients with shunt infections are prone to
developing CSF pseudocysts. Epiplooic nodes assist by limiting
or stopping the septic process. In our series, we had one patient
with a history of ventriculitis with Acinetobacter baumannii.
Furthermore, if an unrelated abdominal septic disease occurs,
the greater omentum prevents direct contact between the
catheter and the septic process in the early stages. Hence, we
can safely assume that by isolating the distal end of the catheter
we diminish the risk of shunt infections.
In our series, the CSF pseudocyst was a common cause of
distal shunt failure. CSF pseudocysts are generally rare, being
reported in only 2.04–4.5% of cases with VP shunt [31,32].
Although the pathophysiology of CSF pseudocysts is under
debate, the reported risk factors are represented by septic
complications, history of abdominal surgery, repetitive distal
shunt failures, previous CSF pseudocysts, hyperproteinnorra-
chia, ﬂuid malabsorption of the peritoneum, and allergy to
silicone [33,34]. Even silent clinical shunt infections may
cause local peritonitis. As a response to the local inﬂamma-
tory process, a ﬁbrous tissue around the distal tip of the
catheter occurs. The ﬁbrous tissue, lacking an epithelial
lining, completely isolates the distal end of the catheter,
forming a false cyst in which CSF is drained. Shunt infection
was proven in many patients with CSF pseudocysts [32]. The
patient with a history of ventriculitis with Acinetobacter
baumannii, presented recurrent CSF pseudocysts and exten-
sive peritoneal adherences. History of CSF pseudocyst is not a
contraindication for VP shunting, however these patients
frequently develop recurrent CSF pseudocysts. VEP shunt
permits further shunting into the abdominal cavity, and by
isolating the catheter end into the epiploon, the CSF in not
drained directly into the peritoneal cavity. Thereby, the
formation of adherences between abdominal viscera is
prevented. In our series, we found a small group of patients,
most of them children that presented recurrent CSF pseu-
docysts. We also observed that once a patient had developed
a CSF pseudocyst, there is a predisposition for this complica-
tion to reoccur.
CSF ascites are rarely reported in patients with VP shunts
[35]. Altered peritoneal capacity of ﬂuid absorption, allergy to
silicon, shunt infection, hyperproteinnorrachia, increased
production of CSF, peritoneal metastasis are incriminated in
the pathopysiology of CSF ascites.
Inguinal hernia may also occur in infants and young
children, in which the processus vaginalis is still patent, being
favored by increased abdominal pressure the malabsorption of
the ﬂuid in the peritoneum [24,36]. Constant intraperitoneal
declivitous CSF ﬂow maintains an increased abdominal
pressure, which keeps the processus vaginalis patent. Using
the VEp shunt, an important amount of ﬂuid is absorbed before
ﬂowing into the abdominal cavity, and permits safe closing of
procesus vaginalis.
5. Conclusions
Ventriculo-epiplooic (VEp) shunt is a new, safe and efﬁcient
surgical technique for the treatment of hydrocephalus. In this
procedure, the distal tip of the peritoneal catheter is intro-duced between the two omental layers. The distal tip is
isolated from abdominal viscera; therefore complications
speciﬁc to VP shunts can be prevented. VEp shunting is
indicated and may represent a saving option in patients with
previous VP shunts and multiple distal failures due to
repetitive abdominal complications. It is also indicated in
patients with history of open abdominal surgery, which have
high risk of developing abdominal complications. The VEp
shunt allows the preservation of the abdominal cavity for the
purpose of distal shunting for patients in which classic
techniques carry high morbidity. We encountered no distal
shunt revisions in our series. Postoperative results and follow-
ups, both short and long-term, were favorable.
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